INTRODUCTION
Hardness testing has been the most frequently performed material testing and is understood as measuring the resistance to compressive inelastic deformation. Early theoretical and experimental works were summarized in the excellent books of Tabor 1) and Yoshizawa 2) . Vickers hardness has been most common hardness testing because it covers a wide range of hardness. For example, Suresh 6) studied the residual stress, and Wang 7) the stress distribution of laminated plate. The relationship between Vickers hardness and inelastic material constants was actively studied by many researchers 8)~10) . Their study includes so-called forward and reverse problems, where the former study is to determine the hardness from the elastic and inelastic material constants and the latter is to extract the elastic and inelastic material constants from the hardness. Shinohara 5) also discussed the reverse problem to extract the yield stress and strain hardening exponent of materials from Vickers indentation.
However, most of these studies require step-by-step calculation. There was no study proposing an explicit functional dependence of Vickers hardness on inelastic material constants, which is more convenient for practical application. In addition to this, the former studies related
Vickers hardness with yield stress and strain hardening exponent. In order to completely describe the inelastic stress-strain curve, three inelastic material constants are required. They are yield stress and strain hardening coefficient and exponent. No previous study discussed the influence of strain hardening coefficient on Vickers hardness. This paper describes the relationship between Vickers hardness and the elastic-plastic material constants by using finite element analyses. The hardness increased with increasing yield stress and strain hardening coefficient, but it decreased with increasing strain hardening exponent. A new equation for predicting Vickers hardness was proposed as a function of yield stress, and of strain hardening coefficient and exponent. The hardness predicted by the equation agreed well with the finite element and experimental results. The fatigue limit and threshold of stress intensity factor were discussed in relation to the elastic-plastic material constants based on the proposed equation. The critical thickness of specimen for hardness testing was also discussed in connection with JIS and ISO standards.
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Critical specimen thickness for testing hardness according to the JIS and ISO standards is also discussed.
FINITE ELEMENT MODEL
This study used the two FE meshes shown in Fig. 1 ( 1) where Q is the friction force, μ the friction coefficient and F the normal force to contact line 16) . The average computing time was about 8 hours using Pentium III processor at 1.4GHz.
This study assumed a power law-type inelastic consti-
where εp, σ, σy, A and n are plastic strain, flow stress, yield stress and strain hardening coefficient and exponent, respectively. This paper employed the proportional limit as the yield stress because the yield stress defined by 0.2% offset stress partly includes plastic deformation resulting in inaccurate FE analyses. In the following in this paper, the yield stress (σy) denotes the proportional limit of materials. In FE analyses, the load applied to an indenter was increased to a maximum of 490N and then decreased to zero to simulate Vickers hardness testing as defined in JIS and ISO standards. 
where P is the maximum applied load. The diagonal distance was defined as the distance between the tangents to the inside and outside of the specimen surface as shown Table 1. In the table, SUS304, SCM430 and SS400 are steels, Cu is copper, C7941B is copper alloy, A2017B and T6061 are aluminum alloys, and TAB6400 is a titanium alloy. cases in Fig. 4 , the FE analysis simulates the Vickers hardness well.
2 Relationship between Vickers hardness
and inelastic material constants 
where S is the projected area of the contacting part of the indenter tip. 
Since α in Eq. (5) . . . . n n A Figure 11 shows the variation of β with σy for various n's. β is expressed as a function of σy independent of n as, (7) Substitution of Eqs. (6) and (7) The relationship expressed in Eq. (8) is different from that obtained for Brinell 11) , Rockwell A 12) and C 14) scales, so that the relationship between the hardness and inelastic material constants strongly depends on the shape of the indenter.
3 Relationship between fatigue limit, threshold of stress intensity factor and Vickers hardness
Based on analysis of experimental results, Murakami 15) , proposed expressions for fatigue limit, σω, and threshold of stress intensity factor, ΔKth, as a function of Vickers hardness and defect size ( area ). Since the functional relationship between the material constants and Vickers hardness has been unclear, the physical meaning of σω and ΔKth has not been well understood. In the following we will discuss the relationship between σω, and the inelastic material constants.
Murakami1 5) proposed the following empirical equations for low hardness and high hardness steels.
Low hardness steels (HV ≤ 3923MPa)
High hardness steels (HV ≥ 4900MPa)
where areas and areai are the areas of inclusion near and inside the specimen surface, respectively. The fatigue limit increases linearly with σy, Fig. 13 (a) , and with A, Fig. 13 (b) . However, the fatigue limit decreases with n, Fig. 13 (c) . The fatigue limit is almost 60% of yield stress, which corresponds reasonably with the value of 50%
reported for S10C and SS400 steels 17) .
Relationship between Vickers Hardness and Inelastic Material Constants 449 Fig. 10 Relationship between α and strain hardening exponent. and A, but decreases with n for both types of defects. In all the cases shown, a defect near the specimen surface is more detrimental to the fatigue limit than one inside the specimen. From Fig. 14 (a) , the fatigue limit of the harder materials is about 50% of the yield stress, so the ratio of fatigue limit of the harder materials is smaller than that of the softer materials. This concurs with the experimental results that the ratio of fatigue limit to yield stress is about 44% for SCM440 steel 17) .
The threshold of stress intensity factor calculated by Eqs. (12) and (13) 
